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Uncertainty in Project Scheduling—
Its Use in PERT/CPM
Conventional Techniques

PEER REVIEWED

with respect to time and cost.

ABSTRACT: In this article, PERT/CPM, as conventional tools for planning and controlling are
discussed along with problems accompanied with their application. This article demonstrates a
number of benefits, the most significant among them being that: PERT/CPM as conventional
planning techniques needs to be scrutinized. Dealing with risk management in project man-
agement is now essential for minimizing losses and to enhance profitability. Yet, using floats, as
stated by the traditional resource allocation method that is applied in most of current software,
now needs to be investigated. PERT/CPM techniques are very common and widely adopted
management tools, currently used in the processes of project planning and control. These tech-
niques have been widely accepted in the construction industry. Despite the use of these tech-
niques, experience shows that construction projects failed to achieve their defined objectives
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roject management is a discipline,
P which itselfl  with

undertaking of projects to achieve
some form of benefits. ~Within this
discipline, there is an extensive body of
knowledge about tools and techniques
available for project management. Part of
this body of knowledge must concern itself
with assessment of tools and techniques
currently being implemented to meet the
projects’ goals and objectives.

Quite often, construction projects fail
to achieve their objectives. The author’s
experience with many projects for different
geographical locations indicates poor
performance in terms of meeting time and
cost targets. Uncertainties are inherently
present in all construction projects. For
many projects, additional information is
needed to reduce risk and uncertainty to an
acceptable level prior to commencement
of work. With this uncertain and volatile
environment, the need is vital for how
uncertainties within a project can be
analyzed and managed.

PERT/CPM is a vital technique used
in scheduling construction projects. These
techniques are very common and widely
adopted management tools, currently used
in the processes of project planning and
control within the construction industry.
T'he most recent software for planning and
scheduling construction projects, is based
mainly on PERT/CPM.

involves

Problems Associated With PERT/CPM
Techniques:

Planning and controlling projects is of
paramount importance in the success of
any construction project, because it
constitutes a major part in the project’s
management life cycle. PERT/CPM
techniques are very common and widely
adopted management tools

Because of the nature of construction,
the industry and its participants are widely
associated with a high degree of risk and
uncertainty. Although, a scheduling
construction project by CPM does not
provide a measure of uncertainty, most of
the available software is based on CPM, it
is deterministic tool. The duration of cach
activity is assumed to have one value. Yet
the time required for completing an
activity in a project depends on many
factors, including the following.

resources;
methods;
technology;
site condition;
weather; and
regulations.

These are known in literature as risk
drivers. The time required to complete an
activity is not deterministic.

Experience from many projects
indicates poor performance in terms of
achieving time and cost targets despite the

fact that PERT/CPM are being used. Many
cost and time overruns appeared due to
either unforeseen events, which may or
may not have been possible for
experienced professionals to anticipate, or
foreseen events for which uncertainty was
appropriately accommodated. It s
suggested that a significant improvement to
project performance may result from a

greater attention to the whole of
uncertainties and risks, correlated with the
project.

Schedule control in construction is
also of paramount importance in the
success of any construction project. In spite
continuous evolution in the project
management field, the traditional
approaches being used by practitioners
show a lack of appropriate methodologies
for controlling projects.

PERT Network

Program evaluation and review
technique (PERT), developed by Malcolm
and others in 1959, was the first attempt to
quantify the uncertainty in activity
durations and the project network [6, 7].
PERT as a technique, was initially
developed to assist in planning of projects
which attempts to account for inherent
uncertainty of activity duration. PERT uses
a three - time estimate duration which
represents optimistic, pessimistic, and most
likely estimates of activity duration. PERT
computes the mean completion duration
and its standard deviation along each
continuous path through the schedule. In
PERT method, forward pass and backward
pass calculation are used to determine the
event times of each activity and project
duration. The critical path is calculated
based on the mean duration of activities.
Because average durations are used, the
PERT critical path is different from the
traditional critical path. PERT method
attempts to estimate the uncertainty in the
project schedule. It is a simplification of
the risk analysis procedure. The
assumptions that PERT is based on some
critics, such as merge event bias, to rely on
three-time  estimates and  variance
consideration problem.

PERT technique assumes that the
uncertainty associated with the overall
duration is, approximately, a normal
distribution. This derives from the central
limit theorem, which states that the
addition of an infinite series of distributions
yields a normal distribution. The
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assumption is reasonable in practical
networks, as long as a large enough number
of activities on the critical path.

The PERT network illustrates a
particularly simple situation in which there
is obviously only one critical path. It
assumes that the analysis is carried out on
the critical path alone and this in itself can
be problematic. In more complex
networks, there are number of paths
through the network; many of which may
have the possibility of becoming critical
depending on the duration of the
individual activities on the paths. In order
to investigate this problem, all paths, which
have a prospect of becoming critical
(because they have a low total float and
high variance), shall be investigated.
Figure 1, shows the results from a
hypothetical network in which three routes
R1, Ry, and Ry are treated as candidates for

criticality. Each of the three routes gives,
when analyzed using PERT, its own
normal distribution for the project
duration. When the probability density
function (PDF) of the three routes is
drawn, the resulting for project duration is
as shown in figure 1. While Ry is generally

the most critical route, it can be seen that
there is some likelihood that either Ry or

R3 will become critical routes instead of
R}
M. Mawdesely obtained a number of

problems associated with PERT; the most
significant amongst them are [5]:

e The form of the distribution for the
activity duration has very little basis in
fact but is a convenient fiction;

e In small projects there may not be
enough activities defining the project
duration to make the assumption of a
normal distribution for the project
duration valid.

e The statistical analysis assumes that
the  activities are  statistically
independent. This is likely to be
untrue. Activities following one
another can be dependent, as can
activities carried on at the same time,
by the same resources or containing
the same type of work. For example,
activities performed consecutively by
the same gang or subcontractor are
likely to be related. Equally, similar
outdoor activities going on at the same
time on a project are likely to be

R}"

Probability of Occurrence

R,

Duration

Figure 1— Project Duration Assuming a Variety of Critical Routes Through the Network [5]

affected by weather in a similar
manner;

¢ The assumption that PERT is to be
applied only to a single critical path
means that the answers obtained
always underestimate the duration of a
project. The amount by which the
method actually underestimates the
duration of the project needs some
investigation;

e The PERT technique requires a lot
more information to be provided by
the planner (in terms of the three
estimates of duration for each activity).
Although some schedulers view this as
a drawback, others see it as a benefit
because they are able to admit their
inability to predict the duration of an
activity more accurately;

¢ The method does not provide a single
set of dates for control purposes and
the use of the distributed results for
control faces problems. However, as its
name suggests, PERT" can be used to
produce updated estimates for project
durations at various stages of the
project. These are useful for control
and decision making purposes; and

e The distributed nature of the timing
of the activities means that the project
demand for resource cannot be
predicted and accurately controlled.

H. Adeli and A. Karim added number
of shortcomings associated with PERT and
CPM methods, these include [1]:

e Network methods do not guarantee
the continuity of work in time, which
may result in crews being idle;

e Multiple-crew strategics are difficult
to implement in the network methods;
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¢ The network diagram me is not
suitable for monitoring the progress of
a project; and

®  Network methods do not provide an
efficient  structure  for  the
representation of repetitive tasks. All
tasks are represented similarly, and
there is no consideration for the
location of work in the scheduling.

Merge Event Bias

Merge event bias is one of the essential
problems associated with PERT. Since
PERT technique has been developed, one
of its problems is the merge event ?bias. A
merge event is defined as an event, which
is connected with at least two paths, either
the critical or the noncritical paths in a
project network. The bias is caused by the
influence of the subcritical paths in a
project network on the total project time.
The purpose of developing the merge
event time estimation technique is to
combine the uncertainties of both critical
and noncritical path activities of a project
network.

MacCrimmon and Ryavec illustrated
the deviation of PERT calculated mean
and standard deviation, from the actual
mean and standard deviation [2, 14]. They
demonstrated that, this deviation may be
quite large when the paths are almost equal
in length, and the difference decreases
substantially as the path lengths become
farther apart

MacCrimmon and Ryavec developed
rules concerning merge event bias. They
considered two of the more important
factors affecting the magnitude of the
merge event bias. First, one would
intuitively expect the bias to increase as the
number of parallel paths to the network
and event increases. Second, one would
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also expect the bias to increase as the
expected length of parallel paths become
equal or almost equal in length. In fact,
these two factors are approved by them and
their result indicated that the deviation of
the PERT calculated mean and standard
deviation, from the actual mean and
standard deviation, may be quite large
when the paths are almost equal in length,
but the difference decreases substantially as
the path lengths becomes farther apart. To
summarize, the results reached by
MacCrimmon and Ryavec are as follows:

Rule I:
The magnitude of the bias correction
at a given merge event increases as:

e The number of merging activity
increases;

®  The expected complete times of the
merging activities get closer together;

e The variance of merging activities
increase; and

e The correlation among the merging
activity complete times approach zero.

Rule II:

If the difference between the expected
complete times of the two merging
activities being considered is greater than
the larger of their respective standard
deviations, then bias correction will be
small; if the difference is greater than two
standard deviations, the bias will be less
than a small percentage and can be ignored
(The difference referred to here is the
activity free slack).

D. Gong and R. Hugsted developed a

analytical ~ merge-event  time
estimation technique called the back-
forward uncertainty estimation procedure
(BFUE) [3]. The procedure includes the
time uncertainties of noncritical path
activities in the risk analysis of a project
network. The BFUE procedure is
consistent with PERT procedure and
critical path method, and it is an
improvement in the current merge-event
time estimation technique.

The development of the BFUE
procedure is based on the fact that a
noncritical path can become a subcritical
path through the use of the slack time
along the path. A noncritical path could
influence the total project time through
both its time uncertainties and the use of its
slack time.

new

D. Gong and J.E. Rowings introduced
a new concept of time-disturbance analysis
for a project network [4]. Time-disturbance
analysis is a process of analyzing the change
of the expected time of a given merge event
or total project duration with the changes
in the use of floats of noncritical activities.
The disturbance of the scheduled activities
is caused by the variance of activity
durations in a network. A time disturbance
can be caused by uncertainty of critical
activities in a network, it can also be caused
by the uncertainty of noncritical activities.
In particular, when noncritical activities
consume some or all of their floats, the
possibility of time disturbance caused by
noncritical activities can increase. With an
increased use of float, the expected finish
time of the noncritical merging activity
gradually moves closer to the expected
finish time of the critical merging activity
concerned. Then the expected time of the
given merge increases
correspondingly.

Gong and Rowings presented a
procedure to optimize the use of floats in a
project network by quantifying the safe
float in noncritical activities that can be
used for resource allocations and as an
alternative for reducing project costs
without causing negative impacts on the
project duration [4]. In fact, Gong and
Rowings’ concept is based on one of the
rules formulated by MacCrimmon and
Ryavec (2, 3]; they interpreted this rule as:

event

“at a given merge event with one
critical activity and at least one
noncritical activity, the calculated
expected time of the merge event
can be different the
expected finish times of the
noncritical activities change. The
expected time of the merge event
increases when  the expected
finish times of the noncritical
activities are closer to the expected

when

finish time of the critical
activities.”
The  time-disturbance  analysis

approach is applied to measure the impact
of float use on the project’s duration, and to
calculate safe float for each noncritical
activity. Accordingly, the late start and
finish times of the activities will be
calculated. Then, the risk of the project
schedule overrun associated with float use
and large uncertainties of the noncritical

activities is evaluated, and the scenario
concerning the optimum use of floats
associated with the lowest project cost is
identified. Accordingly, the start times of
the noncritical activities are decided.

As known, floats are often used in
project networks for resource allocations
and as an alternative for reducing project
costs without causing negative impacts on
project duration. Limiting the use of floats
to an identified safe range, as corroborated
by Gong and Rowings, can reduce the risk
of project schedule overruns but, it may
not, however, be in the best interests of

project cost control.
l construction project. Uncertainty
has become one of the major factors
that influence a project’s performance and
ultimate  success. Despite  general
awarcness  of the consequences  of
uncertainty on a project, little attention has
been paid to its effect on construction
management, particularly on the planning
aspect.

Recent experiences show that projects
failed to reach their defined objectives with
respect to cost, time, and functional
performance. Considering the amount of
capital, recognition, and public interest
invested in  some  projects, the
consequences of these failures are often
dramatic.

The  conventional ~ PERT/CPM
techniques are very common and widely
adopted management tool being used in
project planning and control. Floats are
often used in conventional PERT/CPM
techniques for resource allocation, and as,
an alternative for reducing costs without
causing negative impacts on project
duration. However, caution must be taken
while using the floats of noncritical
activities because there is a limit in using
some floats of noncritical activities. If the
floats used for noncritical activities are
limited to the safe float, the risk of time
overruns caused by noncritical activities
can be eliminated or reduced. If the
amounts of floats used are more than the
permissible, this will lead to an increase in
the completion time and, subsequently,
leads to increased project cost. Adjusting or
smoothing of resources by using float time
of noncritical activities is controversial
matter despite the prevalence of this
approach. This argument will be

here is an uncertainty in every
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consolidated if risk analysis is being

applied.

There are also a good number of critics
associated  with  the  conventional
PERT/CPM  techniques. The most

significant among them is the merge event
bias. Many researchers had conducted this
merge event bias problem, and as a result of
that, some approaches were developed, in
an attempt to overcome the limitation in
PERT/CPM techniques. ¢
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9, No. 3 (1991): 140-146. More Books Available for Review

Currently, AACE International Headquarters has several books from publishers that are available for
review by readers of the Cost Engineering journal.

The way our “For the Bookshelf” review process works is that we list available books in an issue of the
journal, the first person to volunteer to read one of the books and write a review will be mailed the request-

ed book.
Reviewers will be given 30 to 60 days to read the book and draft a review for publication in an
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Two-Day Project Controls Workshop
CCC/CCE Certification Prep Class
Kansas City Section of AACE International

The Kansas City Section is proud to present a
2-day CCC/CCE Certification Workshop. This 2-
day workshop is a condensed version of the stan-
dard AACE International 4-day certification class
presented at AACE International’s Annual
Meeting.

The workshop will be Oct. 23-24, at Kansas
City, Missouri. If you are preparing for certifica-
tion, this is the perfect opportunity for you. If you
are already certified, this workshop will count
toward your continuing education requirement.
This workshop is also for those in the industry who
want to brush up on project controls and learn
more about what is happening in project controls.
The workshop is being conducted by Clive Francis,

CCC.

Contact Gina Anderson 816-823-7084 or Christy
Eddington 816-412-1287 for more information.

upcoming issue of the journal. Reviewers are asked to return the reviewed book to AACE International
headquarters. Because of the high cost to ship books, international reviewers will be asked to pay the ship-
ping cost, both to receive and to return, the requested book. International reviewers will be e-mailed the
shipping cost and asked to provide credit card information for billing of these charges prior to any ship-
ment.

The returned books are added to the AACE International library. As new library additions arrive,
older versions of the same title are retired. The retired books are then offered for sale as used books at the
Annual Meeting Bookfair in the exhibit hall.

Currently up for review are the following titles:

From AMACOM Books

e  Chin, Gary. Agile Project Management, How to Succeed in the Face of Changing Project
Requirements. This is a 230-page hardcover, published 2004, by AMACOM books (www.ama-
combooks.org). ISBN: 0-8144-7176-5, $32.95.

e  Falcone, Paul and Randi Sachs. Productive Performance Appraisals, Second Edition. This is a
115-page paperback, published 2007, by AMACOM books (www.amacombooks.org). ISBN: 0-8144-
7422-5, $10.00.

e Hallows, Jolyon. Information Systems Project Management, How to Deliver Function and Value
in Information Technology Projects. This is a 286-page hardcover, published 2005, by AMACOM
books (www.amacombooks.org). ISBN: 0-8144-7273-7, $49.95.

e Kendrick, Tom. A Project Manager’s Guide, Results Without Authority, Controlling a Project
When the Team Doesn’t Report to You. This is a 262-page hardcover, published 2006, by AMA-
COM books (www.amacombooks.org). ISBN: 0-8144-7343-1, $19.95.

Call for Papers for the 2010
AACE International
Annual Meeting

AACE International’s 54th Annual Meeting is
scheduled for June 27-30, 2010, at the
Atlanta Marriott Marquis, Atlanta, GA

To present a technical paper, an abstract of the proposed
paper must be submitted on the abstract form from the AACL
International website, www.aacei.org.

Papers for the technical program are selected based on
the abstract, and in the case of previous speakers, also on evalua-
tions of prior presentations.

The website form can also be used to request a place on
the program for panel discussions, forums, technical committee
meetings, or any other special event that may not have a prepared

paper.

The deadline for submitting an abstract is
September 15, 2009

If you have any questions, please call 800.858.COST /
1.304.296.8444, fax +1.304.291.5728, or send us e-mail at
trans@aacei.org. More information can be obtained by visiting:
www.aacel.org/annualmeeting.
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